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THE
Engineering Experiment Station was established by action

of the Board of Trustees, December 8, 1903. It is the purpose
of the Station to carry on investigations along various lines of

engineering and to study problems of importance to professional en-

gineers and to the manufacturing, railway, mining, constructional, and

industrial interests of the State.

The control of the Engineering Experiment Station is vested in

the heads of the several departments of the College of Engineering.

These constitute the Station Staff, and with the Director, determine

the character of the investigations to be undertaken. The work is

carried on under the supervision of the Staff ;
sometimes by a research

fellow as graduate work, sometimes by a member of the instructional

force of the College of Engineering, but more frequently by an

investigator belonging to the Station corps.

The results of these investigations are published in the form of

bulletins, which record mostly the experiments of the Station's own

staff of investigators. There will also be issued from time to time

in the form of circulars, compilations giving the results of the experi-

ments of engineers, industrial works, technical institutions, and gov-

ernmental testing departments.

The volume and number at the top of the title page of the cover

are merely arbitrary numbers and refer to the general publications

of the University of Illinois; above the title is given the number of

the Engineering Experiment Station bulletin or circular, which should

be used in referring to these publications.

For copies of bulletins, circulars or other information address the

Engineering Experiment Station, Urbana, Illinois.
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I. INTRODUCTION *

In February, 1908, there was published by the Engineering Ex-

periment Station of the University of Illinois, Bulletin 17, entitled

"The Weathering of Coal." This publication embodied the results

of a series of experiments which were intended at the time to be

introductory to an extended study of the subject. As was stated in

the text (page 14), the experiments were of a preliminary nature,

undertaken mainly to gain information for carrying out more elabo-

rate and comprehensive tests. A number of circumstances made it

evident to the writers of this bulletin that it would be advisable to

make the work undertaken at that time of a purely preliminary

nature; for example, it was decided to make use of relatively small

samples, the amount being approximately 20 pounds each. It was

thought that the indications given by these samples would serve the

purpose of avoiding serious mistakes when tests upon larger masses

were made. Moreover, while these experiments were in prog-

ress, data from another source accumulated, establishing the fact

that a rapid deterioration occurred in the coal in the first few days
after breaking out from the seam. This fact promised to have a very

important bearing upon the changes which ordinarily would be

attributed to weathering losses. This phase of the subject was carried

out simultaneously by Mr. W. F. Wheeler and was included in the

bulletin noted above under the title "Deterioration of Coal Samples.-"

The effect of such deterioration was not established in time to incor-

porate the procedure indicated by the fact of such losses, in the ex-

periments on the weathering samples. These fundamental reasons

are sufficient to indicate the preliminary nature of the first bulletin.

It has since been possible to continue the work in a far more satis-

factory manner by making use of the experience already gained in

the first experiments. The subject, as here presented again under the

same title, has the justification, it is hoped, of being fairly well-

rounded and complete in so far as is possible by making use of the

experience and knowledge of modifying conditions available at the

present time. In one phase of the subject, however, it is far from

complete. The subject of weathering can not be gone into without

involving also the subject of spontaneous combustion. It is along

this latter line that the work is being continued, and it is hoped soon

1 Credit is due Mr. W. F. Wheeler for the greater part of the work embodied in

this bulletin. Mr. Wheeler died Nov. 18, 1909.



PARR - WHEELER THE WEATHERING OF COAL 3

to bring those experiments to a stage where the results will justify

their publication under that title.

II. COAL STORAGE

The storing of coal has become more and more of a necessity in

the last few years, owing to market conditions, occasional labor dif-

ficulties at the mines and on the railroads, and the crowding of trans-

portation facilities. Of these causes, the first is probably of chief

importance. It is due to the variable demand for coal for domestic

consumption, which necessitates either a much higher rate of pro-

duction during the winter months or else the providing of sufficient

storage capacity to carry over coal produced in the dull season. Es-

pecially is this true in the case of anthracite coal, which suffers the

most from a variable demand owing to the fact that a larger proportion

of it is used for domestic purposes. Anthracite requires much more

expensive plants for its preparation than ordinary bituminous coal,

and thus offers greater inducements for the operators to keep the

rate of production near the capacity of their equipment. One means

of doing this is by inducing the consumers to store coal in the summer
months. The scheme at present used for this purpose is a sliding

scale of prices with a fixed advance in price per ton for every month
from April to September. This plan has worked admirably for a

number of years, probably ten million tons of coal being stored each

summer by consumers and coal dealers. The anthracite coal com-

panies themselves have a combined storage capacity for about seven

million tons, or approximately one tenth of the present annual pro-

duction. This storage capacity is in very large units, the piles con-

taining from 50 000 to 400 000 tons each.

The bituminous coal producers have a more uniform demand

throughout the year for all sizes and grades of their product than the

anthracite producers can expect. Large power plants, naval coaling

stations and railroads are the principal interests storing bituminous

coal, except around the great lakes. At nearly all the cities at the

head of lakes, the coal companies themselves store great quantities

of coal during the season of navigation. Part of this coal is for local

consumption, but a larger part of it is for reshipment by rail.

While market conditions offer one of the principal reasons for

storing coal, large manufacturing establishments, most power plants
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and various other coal users feel compelled to have on hand a reserve

supply that will enable their plants to run without interruption in case

of strikes, car shortages and other unforeseen circumstances. For this

purpose the amount of coal necessarily stored at different plants varies

from a few hundred to a few thousand tons.

Anthracite is the nearest approach to an ideal coal for storage. It

is practically unaffected by the weather. It is broken somewhat by

handling, and at most of the larger storage plants it must be re-

screened as it is reloaded. It is not subject to spontaneous ignition,

and in consequence there is practically no limit to the size of the

piles in which it can be stored. With bituminous coal, the case is

different. Most bituminous coal will ignite spontaneously if placed

in large enough piles; all of it suffers more or less disintegration

during storage and rehandling. Only the coals least liable to fire and

those that stand rehandling the best are stored to any extent by the

coal producers. Many of the railroads, power plants, factories and

naval coaling stations, however, are forced to store coal that is easily

affected by the weather and subject to spontaneous ignition. The

greatest losses due to coal storage are due to the firing of the stored

coal. The atmospheric oxidation of the coal is going on slowly all

the time at ordinary temperatures, and continues with increasing

rapidity at higher temperatures, until in many cases it results in the

ignition of the coal. Thus it must be seen that coals most readily

oxidized by the air are most prone to spontaneous ignition, and are the

ones that lose the most in heating value. Any heating of the coal in

the pile represents just so much heat that will not be available later

under the boiler. Most of the atmospheric oxidation does not produce

any sensible heating, but it results, nevertheless, in an appreciable

loss of heat units by the coal. The changes taking place in stored coal

may be divided into two classes: (1) oxidation of pyrite, marcasite

and other inorganic constituents; and (2) the direct oxidation of

the organic matter of the actual coal. To the changes in the inorganic

matter most of the visible changes are due, the iron sulphide changes

into sulphate of iron and sulphuric acid, the latter of which unites

with the calcium and magnesium carbonates, almost invariably pres-

ent in the coal, to form gypsum and magnesium sulphate. All such

changes result in a large increase in volume and a marked disinte-

gration of the coal, and they will also result in a considerable increase

in the weight of the coal in many instances unless removed by the
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leaching action of water. The other changes due to the direct oxida-

tion of the coal substances cannot be detected by the eye except in

rare instances where they have progressed nearly to completion, as

in the case of a sample of coal taken from an outcrop in Peoria county,

Illinois. (See Table 15). This particular coal has changed from a

lustrous black bituminous coal to a dull brown lignite as far as appear-

ances go. It is, however, the invisible change due to this direct

oxidation of the carbon and available hydrogen of the coal substance

and the absorption of the- oxygen by unsaturated hydrocarbons that

plays the principal part in promoting spontaneous ignition and in

causing weathering losses in heating value.

III. HISTORICAL REVIEW

For the past fifty years, many chemists and engineers have been

studying and observing the chemical and physical changes occurring

in stored coal. Professor Grundmann l of Tarnowitz, Germany, pub-
lished the first record of any extensive experiments to determine the

weathering losses of coal. He made use of the percentage of ash in

the coal to determine the change in weight that took place, and with

that as a basis, decided that the coal in a pile of 300 tons lost 58 per

cent in weight in a period of nine months, the greater portion of the

loss taking place soon after the coal was placed in storage. Other

experiments by the same writer show losses almost as great. Such

changes are, however, hardly confirmed by his other observations,

i. e., that the specific gravity and the composition of the coal substance,

the actual coal, remained unchanged. It is almost a certainty that

the explanation for his extreme figures is to be found in a lack of

uniformity of the samples employed. The chief benefit derived from

Grundmann 's experiments comes from the interest which they aroused

in the subject and the investigations they initiated.

Reder 2 at Ornabruck, Germany, was among the first to follow up
Grundmann 's work. Using the same kind of coal, he found a small

increase in weight and no practical changes in the coal. In the case

of one German coal, however, he found a loss of about 4 per cent in

the calorific value. Professor Varrentrapp 3 of Brunswick, Germany,
worked at temperatures between 100 C. and 300 C. and found a

i Carnall's Ztsch. Vol. X, p. 236, 1862 ; Oest Ztsch. f. Berg, n. Htttt Vol. XV, p. 270,
1867; Kerperly Bericht, 1866, p. 33.

Oest. Ztsch. f. Berg, u. Htttt. Vol. XV, 1867 ; Reder, Ztsch. d. Ver. deutsch Bng
Vol. X, p. 698, 1866.

Dingler's Jour. Vol. 175, p. 156; Vol. 178, p. 379, 1865.
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very rapid oxidation of the coal. In three months at 284 C., coal was

reduced completely to ash; and at 160 C., he claims to have oxi-

dized more than one-half of the carbon in the same length of time.

Present knowledge of the subject, however, would indicate that the

temperature of the coal itself must have been considerably higher

than 284 C. That would easily have been possible even though the

temperature of the oven or containing vessel did not rise above that

temperature. In our own experiments on spontaneous ignition, coal

kept in an oven at 110 C. has oxidized rapidly enough to raise its

own temperature nearly to 200 C. In experiments with coal under

ordinary storage conditions, Varrentrapp reports losses in weight and

calorific value of 33 per cent for coal exposed to the weather and 12

per cent for that kept under cover. The same coals are said to have

lost 45 and 24 per cent respectively in value for gas making. From
the lack of confirmation by subsequent work, it seems that improper

sampling or some other 'error must be sought in explanation of the

excessive losses reported.

In 1865, Fleck l
analyzed a series of six German coals that had

been in a cabinet for eleven years, exposed to the air. The samples
were not uniform as regards ash contents, but on the ash and water-

free coal, the samples all showed a small decrease in carbon and

available hydrogen and an increase in oxygen. Richters 2 soon after-

ward investigated the action of oxygen on coal at ordinary and moder-

ately raised temperatures. His conclusions are that the coal absorbs

oxygen and gives off carbon dioxide and water in smaller amounts,

thus leaving a portion of the oxygen combined with the coal sub-

stance, causing an increase in weight. The reaction was found to

be more rapid at slightly raised temperatures, and it seemed to be un-

affected by the amount of moisture present except that in the presence

of pyrites the coal was more disintegrated and seemed more liable to

heat. Richters found three different coals to lose as much as 3.6 per

cent in calorific value in two weeks at about 80 C. He concludes

that pyritic coals oxidize most when damp, and that coals free from

pyrite are most affected if kept dry. Richters also placed several

hundred pounds of fresh coal from different mines in baskets con-

taining about one hundred pounds each, and buried these baskets
t

in a large unprotected pile of coal. After about ten months' storage.

d. Steinkohlen Deutschlands, Vol. II, p. 221, 1865.
2Dingler's Jour. Vol. 190, p. 398, 1868.
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he found changes in weight varying from a loss of .5 per cent to a gain

of 2.0 per cent in the various lots.

Professor Fischer 1 of Gottingen comes to the same conclusion that

was reached by Fleck and Richter, viz., that weathering and spon-

taneous ignition are due to oxidation of the coal substance and also

of the pyrite and marcasite.

Groves and Thorp 2
give practically a summary of the previous

investigations as to the nature and extent of weathering, but they

also ascribe part of the loss to the liberation of combustible occluded

gases and state that serious explosions on coal-laden vessels have

resulted from this source. They recommend the shipment of only

lump coal as a means of preventing fires on shipboard.

E. C. Pechin 3 made analyses of Connelsville coke after two and

five years
7

storage out of doors and found no changes. He states that

the best anthracite will lose part of its carbon, and bituminous coal

will lose from 10 to 25 per cent by weight upon exposure, but cites

no data in proof of his statements. Professor J. "W. Langley, in a

discussion of the same paper, offers the opinion that the losses sus-

tained by different types of coal during storage are proportional to

their ignition temperatures. He mentions Grundmann's and Yarren-

trapp 's experiments as proof.

R. L. Rothwell 4
says, as a result of practical observation, that

there appears to be no loss in anthracite coal or eastern bituminous

coal except in case of small sizes of bituminous coal. He also re-

views Ri enters'. Grundmann's and Varrentrapp 's work.

R. S. Hale and H. J. Williams 5
report an investigation where they

exposed three small samples of bituminous coal for eleven months

and found a loss in calorific value of from one-half to one per cent.

These samples were from Pennsylvania, Virginia and Maryland.
John Macauley,

6
general manager of the Alexandra Docks and

Railway, Newport, England, comes to the conclusion, after making

practical steaming tests with locomotives, that English coal depreci-

ates from ten to twelve per cent per year in steaming value when

stored in England. He states as his opinion that the loss in hot cli-

mates would be more nearly twenty-four per cent. If the coal were

stored under water, less breakage would result
;
three per cent is esti-

'Gas World, April 13, 1901.
2 Chemical Technology, Vol. I, p. 82.
3 Trans. Am. Inst. Min'g Engs., Vol. I, p. 286, 1872.
4Trans. Am. Tnst. Min'g Engs., Vol. II, p. 150, 1873.
5 Trans. Am. Soc. Mech Engs.. Vol. XX, p. 333. 1899.
Trac. Eng.. Oct. s, 1903. Eng. (London), Oct. 30, 1903.
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mated as being sufficient to cover the losses that would be sustained in

one year. He bases his estimate for submerged coal on results obtained

by burning coal recovered from wrecks, coal that had been under

water continually for as long as ten years. There seems to be no

certainty as to the original quality of the sunken coal, and such

being the case, comparisons made with fresh coal can be only approxi-

mations.

Dr. James P. Kimball,
1 of Lehigh University, gives an excellent

review of the work done by Grundmann, Varrentrapp, Eichters and

others, prior to 1879. He also goes thoroughly into the changes due to

oxidation of pyrite and marcasite and considers that their effects

have been underestimated. He thinks that the oxidation of marca-

site especially is of as much importance as the oxidation of the coal

itself. Several instances are given where good coking coal has lost

its coking property on account of weathering action. "Weathering

of coal in the seam is mentioned, and analyses of coal from the

Coalton or No. 7 seam in Kentucky are presented to show the extent

of weathering due to exposure in the mine and also to lack of suffi-

cient cover. As only the proximate analyses are given, together with

the analyses of the soluble mineral matter, no material changes are

made evident except an increased amount of sulphates of iron and

calcium. *

In an article by G. Arth,
2 a report is made of experiments with

small coal stored in the air and under water. The conclusions given

are that for a period of one year the changes in composition and

calorific value are too small to receive practical consideration.

Several practical engineers consider that coal stored for use in

locomotives loses from 10 to 50 per cent in heating value, but none

of them presents data.

Practically all coal is stored in piles in the open air. The Western

Electric Company 3 at their Hawthorn plant in Chicago has, how-

ever, put in concrete-lined bins, or rather reservoirs, with a capacity

of about 15 000 tons of coal. In these bins the coal is kept constantly

submerged, primarily for protection from spontaneous ignition.

Analyses of coal stored at this plant for two years both under water

and in the open air show an advantage of 1.9 per cent in heating value

in favor of the coal stored under water.

VTrans. Am. Tnst. Min'g Engs. Vol. VIII, p. 204, 1879.
2Bulletin Soc. Chem., Vol. XI. p. 619-622, 1894.

Bng. News, Vol. 60, p. 729, 1908.



PARR-WHEELER THE WEATHERING OF COAL 9

Several experiments have been made in the last few years by the

coaling stations of the United States Navy and also the English Navy
to determine the advantages, if any, to be obtained by storing coal

under water, but as yet no reports of these experiments have come

to our notice.

Dr. Habermann l states that the weathering and spontaneous

ignition of coal are due to the property of the coal substance for

absorbing oxygen. He gives the results of a series of experiments on

spontaneous ignition where coal placed in a fire-brick retort at 50 C.,

and supplied with air at an ordinary temperature, practically ignited

in forty-eight hours. Dr. Habermann also found great loss in gas

making, coking and heating value.

An editorial in Power 2
gives Heidepin credit for showing that

spontaneous ignition and weathering are due to direct oxidation of

the coal substance and to the oxidation of pyrites, as Leibig supposed.

Bunte also credits the phenomena to a direct oxidation and absorp-

tion of oxygen by the coal. The smaller sizes and the most porous
coal are said to be affected the most. The absorption of oxygen may
result in a gain in weight of as much as four per cent. W. A. Powers,

chief chemist of the Santa Fe Railroad, in 1907, carried out an

investigation of the weathering losses of the coals used on that road.

These coals covered a wide range of country, samples being tested

from Illinois, Missouri, Kansas, Colorado and New Mexico. One hun-

dred-pound lots of coal were stored in the open air and under water

for a period of seven months. The coal stored under water is said

to have lost from .26 per cent to 5.92 per cent in weight, and from .56

per cent to 8.75 per cent in calorific value. The coal stored in the

open air lost in weight .60 per cent to 4.78 per cent and 1.10 per cent

to 9.40 per cent in calorific value.

E. A. Tessenden and J. R. Wharton 3 state that the higher the per-

centage of volatile matter in a coal, the more prone it is to spontaneous

ignition and the greater the weathering losses it will sustain.

Occluded combustible gases, high sulphur content, small size, pres-

ence of moisture, high temperature, and free access of air are all

given as causes of weathering and fires. Mention is made of the gen-

eral schemes commonly employed for handling stored coal in open

iJour. Gasbel, Vol. 49, p. 419.
2Power, Vol. 27, p. 437, 1907.
3Bulletin University of Mo., Eng. Series, Vol. 1, 1908.
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piles and in covered bins. They also note the plans used and pro-

posed to reduce the liability of spontaneous ignition.

In their experimental work only one kind of coal, (from Staunton,

Illinois) was used, but it was subjected to different storage conditions,

namely, out of doors, in a warm dry room, and under water. Three

sizes were prepared and used, making nine samples in all. The coal

stored out of doors is said to have disintegrated badly, while that

in water and in the dry room was not much damaged. Only the

calorific value of the coal as sampled is made use of in determining
the weathering losses. The results reported show the futility of

trying to make accurate comparisons of the calorific values of fuels

on an air-dry basis, with variable ash content. It seems practically

certain that the exceedingly high losses found are due largely to dis-

crepancies in the amounts of moisture and ash in the coal samples
taken for analysis. Taking the average values for all of the samples

used, the losses found in four months were 4.3 per cent for coal

under water, 7.0 per cent for coal in dry rooms, and 14.1 per cent for

exposed coal. Further experiments are being carried out on samples
of Missouri coal, and in them the moisture and ash will be determined

in addition to the calorific value.

In the fall of 1906, Mr. N. D. Hamilton,
1 under the direction of

Professor S. W. Parr, began a preliminary series of experiments at

the University of Illinois to determine the nature and amount of the

chemical changes that take place in coal when it is exposed to the

weather and also when it is more or less protected. This work ex-

tended over a period of nine months. The samples used were collected

at the retail coal yards in Champaign and Urbana, Illinois. Most of

the coal had been out of the mine for two weeks or more before

sampling, time enough for material changes to have taken place, as

will be shown later. There was some question as to the exact identity

of the coal in the case of a few of the samples. The coal was not

sampled and handled in such a manner as to make it representative of

any particular product of the mines supplying it. However, that is

of but slight importance, except that all of Mr. Hamilton's samples

represent small coal and not lump coal, as was reported in some

cases. It does not seem at all probable that the so-called lump coal

would give the' same results likely to be obtained on storing lump

coal, as Mr. Hamilton broke the lumps up into pieces about one inch

in diameter before storing. It seems very probable also that the

iRulletin 17, Eng. Exp. Sta., 1907.
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changes taking place in such small lots of coal (about twenty pounds
were used in each test), would be very much greater than would

occur in actual storage practice, where it would be the exception to

find a pile containing as little as two hundred tons. Mr. Hamilton's

figures probably would represent only the outside layers of actual

coal piles. If the coal in the storage pile becomes very warm, or

ignites spontaneously, then the loss and chemical changes taking place

may be in excess of changes in the small samples, but that will be the

exceptional case. The various samples taken from the 20-lb. lots for

analysis were not representative of even that small amount, as great

variations occur in the ash and sulphur percentages reported.

In the last three investigations by Mr. Powers, Messrs. Tessenden

and Wharton, and Mr. Hamilton, the Parr calorimeter was used

exclusively, and probably it is responsible for some erroneous calor-

ific values, owing to the effects of variable amounts of ash and sulphur
on the rise in temperature observed in that instrument, some of which

were not fully appreciated at the time. A study has been made

recently
l of these errors and it is now possible to correct for them

with a fair degree of accuracy.

No account was taken of the amount of disintegration or of changes
in weight during Mr. Hamilton's investigation. The tentative con-

clusions from his work were that coal stored dry or in the open would

lose from 2 per cent to 10 per cent in calorific value in a period of

nine months, the rate of loss being greatest at first. The coal stored

under water did not lose appreciably in calorific value.

IV. STORAGE CONDITIONS

Object of the Experiments. The object of these experiments was

to determine the change in weighty the change in calorific value and

the amount of disintegration that are liable to occur in the grades

of coal found in Illinois and neighboring states under different con-

ditions of storage, (1) in the open air in piles; (2) in covered bins;

and (3) under water.

Source of Coal Tested. The coal used in these experiments came

entirely from Illinois mines. (1) For the principal series, coal from

Vermilion, Sangamon and Williamson counties was used, as it was

considered representative of about as great a difference in character

as is shown by the coals of the State. The results on this series are

'.Tour. Am. Chem. Soc., Vol. 29. p. 1606, 1907.
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embodied in Tables 1 to 12 inclusive. (2) Piles of coal of approxi-

mately 300 or 400 tons in amount from Christian and Fulton counties

were available, and these were examined after they had been exposed

for about six months. The results are shown in Table 13. (3) A
15-ton lot of Vermilion county coal had been piled on the ground for

2y2 years. Occasional analyses of it had been made and also of some

of the same lot which had been stored under water in a barrel by
Mr. Hamilton. This pile was resampled; the results of both analyses

are embodied in Table 14. (4) A series of samples was taken from

old pillars long exposed to mine conditions, as well as the more ex-

treme case of an outcrop. These results are embodied in Table 15.

(5) The Commonwealth Edison Company early in 1908, stored

nearly 40 000 tons of coal from Williamson and Franklin counties.

Advantage was taken of their offer to supply us with samples for

experimental purposes. The results are embodied in Table 16.

Storage Conditions, Sizes of Coal and Sizes of Piles Employed.
As was noted, the principal series consisted of car lots from repre-

sentative mines in Vermilion, Sangamon and Williamson counties.

Carloads of both screenings and nut coal were shipped to the Uni-

versity in January, 1908. One-half of each carload was piled out of

doors to a uniform depth of about three and one-half feet, in shallow

bins with earth floors. The other half carload was put in covered

wooden bins, partly open on two sides, with board floors one and one-

half feet above the ground. The coal filled these bins to a depth of

about five feet. (See Fig. 1 and 2 for view of storage bins.) Fa-

cilities were not available for the storage of any large quantity of

coal under water, and on that account only about one hundred

pounds from each car was stored in this way. Stone-ware jars were

used for containers. The jars, loosely covered to keep out the dust

and to retard evaporation, were placed in the basement of the Chem-

istry building, where the temperature did not vary much from 70 F.

The coal from Christian and Fulton counties was not inspected when

it was stored, as it was not intended for experimental purposes. It

was in piles three to seven feet in depth containing about 500 tons

of screenings, entirely exposed to the weather. The coal stored by
,the Commonwealth Edison Company was in three piles, the main one

containing about 25000 tons of egg coal over three inches and less

than six inches in diameter. The second pile contained 3500 tons of

nut coal, and the third about 4500 tons of No 1 washed coal. The
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Fig. 1

Pig. 2
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pillar coal and that from the outcrop in Peoria county are all samples

representing the entire thickness of the coal seam. The conditions

and time of exposure are given in the tables following, (p. 15).

Sizing Tests. It was thought that the amount of disintegration

suffered by the coal would probably be one of the principal sources

of loss, as it might change a coal of suitable size for use in a certain

plant to a smaller size than could be used economically. When the coal

was stored samples were screened to find the proportion of the various

sizes from i/8 inch in diameter up to 1 inch and over. The screen

used was of the revolving or trommel type, made of perforated steel

plate. (See Fig. 3.)

Pig. 3

The relative sizes of coal before and after storing for one and

one-half years are shown in Tables 1 and 2 and also graphically in

Pig. 4 and 5.

Explanation of Tables. In the columns headed "per cent,"

Tables 1 and 3, the figures represent the amount of coal between the

two sizes given in the same line. The columns headed "cumulative
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TABLE 1

SIZING TEST ON NUT COAL

Vermilion County, Illinois

Round Hole Screen
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TABLE 2

SIZING TEST ON SCREENINGS

Vermilion County, Illinois

Round Hole Screen
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of the pieces of coal in all three of these lots was about three-fourths

as great after storage as before, the average weight being only about

four-tenths as great.

The changes in the screenings are not nearly so great as in the nut

coal, but even then they are certainly of as much importance as any
of the other changes due to weathering. The average diameter of

the coal before and after weathering was calculated on the assumption
that the diameter of the coal particles through any certain size of

hole in the screen was the average of the diameter of that hole and

of the one next smaller, i.e., the diameter of coal through the %-in.

screen and over the %-in. screen was considered to be 7/16-in.

There seems to be no advantage in favor of storage in

either open or covered bins so far as the amount of disinte-

gration shown by these experiments is concerned. The disinte-

gration is due to the action of frost; to the opening of small

cracks originally started at the time the coal was shot in the mine;
and also to the oxidation of pyrite and marcasite, resulting in a large

increase in volume, and consequently, a breaking up of the pieces of

coal. With lump coal intended for sale or reshipment, this disinte-

gration must result in a large decrease in value. While no sizing

tests are available as proof, it seems probable from observation that

coal kept absolutely dry, and not subjected even partially to the

weather (as was that stored in covered bins), would not break up to

the extent shown in these experiments. Probably the ideal way to

store coal, so far as disintegration is concerned, would be under water,

thus obviating the action of frost entirely. The friability of the coal

after storage seems much increased, and any rehandling must result

in much greater breakage than it would with freshly mined coal.

V. CHANGE IN WEIGHT

The storage of coal has been thought by some investigators to

result in a considerable loss in weight. If the coal heats considerably

and fires occur in the storage piles, there is undoubtedly a great loss

in weight, but it is still an open question as to how great this change
is in storage under fair average conditions. The change in the weight
of air-dry or wet coal cannot be considered in this connection. The

exact weight of dry coal must be ascertained by some means. The

coal must be weighed, and then dried in an oven at some certain

temperature for an exact determination of the amount of moisture
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in it at the time, as it is not possible to get the coal into such an

air-dry condition before and after storage that it will contain exactly
the same percentage of moisture each time. The coal in these experi-

ments was weighed, sampled carefully, and the moisture determined

at 105 C. The weight of the moisture was then deducted from the

weight of the air-dry coal, and the resulting weight of dry coal was
used in making all comparisons. The results are given in Tables 3,

4 and 5. The larger samples (Table 3) show a loss of about one and
one-half per cent in weight in two cases out of six, the other four

show no change within the limits of experimental error, and it is

doubtful whether even these two are not chargeable to possible dis-

crepancies in moisture determinations rather than to any actual

change in weight. The results of these experiments show only that

any change in weight that does occur is very small in amount and is

not to be considered unless the coal has heated considerably. Further

data along this line are necessary, especially with large samples under

actual storage conditions, before any conclusions as to either an in-

crease or decrease in weight would be warranted.

TABLE 3

CHANGE IN WEIGHT OF COAL, EXPOSED TO THE AIR

DESCRIPTION
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TABLE 4

CHANGE IN WEIGHT OF COAL EXPOSED TO THE AIR

Lab.
No.
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A similar series of experiments (Table 4) was carried out on a

small scale in the laboratory with coal of buckwheat size and smaller,

both dry and under water. In about eight months every one of

these samples showed a positive gain in weight, ranging from % to

2 per cent. The coal kept under water showed the smallest average

gain. The gain in weight of these samples was probably due to the

absorption of oxygen by the coal substance and also to the oxidation

of pyrite and marcasite. The gain in weight of bituminous coal upon

heating for a short time at a moderate temperature is a phenomenon
which has often been noted by chemists working with this substance.

In this laboratory a number of air-dry samples were heated to various

temperatures from 105 to 260 C. The figures representing the

amount of moisture in the coal are given in the column headed "1

hour at 105 C.," Table 5. The same coals heated for four hours at

the same temperature show changes in weight in both directions. The

first two samples of finely pulverized coal both increased in weight. The

10-mesh samples in one and two-gram lots changed very little, three

gaining and three losing in weight. The four portions of sample No.

1569 show the result of increasing the size of the sample without in-

creasing in the same proportion the surface exposed to the air. The

larger portions show a greater loss in weight because they do not

have the opportunity to absorb so much oxygen on account of the

smaller surface exposed. After 18 hours at 140 C., the losses are all

smaller than enough to cover the amount of moisture present, thus

indicating a gain in weight due to oxidation. The same relative

changes in the four portions of sample No. 1569 are still evident. Heat-

ing at 260 C., however, causes a striking loss in weight due to the

very rapid oxidation at that temperature which is approaching closely

the ignition temperature of the coal. In fact, any quantity of coal

of more than 100 grams, of the size used in these experiments, would

be very apt to ignite if heated to 260 C. 1

Sampling. The six cars of coal before mentioned were all in-

spected at the mine and sampled as they were loaded, to avoid any
unknown changes while the coal was in transit. About four hundred

pounds was taken at intervals with a scoop from the stream of coal

as it comes from the chute, and this sample reduced by quartering to

about two pounds, which was sent to the laboratory for immediate

analysis. The next series of samples was taken about one week later

J Eng. Exp. Sta., U. of I., Bui. 24, S. W. Parr and C. K. Francis, June, 1908.
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when the coal was being hauled by wagon from the cars to the storage

bins. Occasional shovelfuls were taken as the wagons unloaded, until

a sample of about three or four hundred pounds was obtained. This

was handled as before by alternate crushings and quarterings until

only two pounds remained. At the laboratory this sample after air-

drying was crushed to % inch and smaller, and all further quartering
was done with a riffle sampler. When the coal was once in place in the

bins, it was thought best not to shovel it over or rehandle it in any

way, as any extra handling would change the conditions from those

of actual storage and would of course modify any results from sizing

tests. To avoid this rehandling, a sampler was designed that would

take cores through the whole thickness of the pile without disturbing

any of the coal except that taken out as a sample. Ordinarily six

cores, seven inches in diameter, were taken from a bin for a sample.

This number of holes gave a sample of about 250 to 400 pounds, de-

pending on the depth of the coal in any particular bin. The sampler
itself (Fig. 4) is made up of two parts. One is a casing of spiral

riveted pipe fitted with a notched shoe to overturn the larger pieces of

coal that may be struck as it is forced into the pile. At the top it

is protected by a stiffening ring to prevent battering of the pipe. The

ring has 1-in. holes in opposite sides to admit the end of a bar or a

small piece of pipe to be used as a handle to turn the large pipe,

which will usually sink of its own weight, if rotated. This pipe serves

only to prevent the coal from caving into the hole. The main part

of the sampler is somewhat like a post-hole digger, except that it is

fitted with a shutter at the bottom to retain the coal after being

filled. It is used to remove the coal from the larger pipe as it is sunk.

Casing and sampler are shown in Fig. 6.

VI. CHANGE IN CALORIFIC VALUE

The main part of the present investigation has been devoted to

following the changes in calorific value of the actual coal substance.

It is impossible to sample any lot of coal exactly as regards ash and

sulphur, and for that reason it was found necessary to refer all B. t. u

determinations to the actual coal basis l for the sake of comparison.

For this purpose the following formula was used.

B. t. u. as determined - - 5000 X Weight of Sulphur
1.00 (Moisture + 1.08 X Ash + 22/40 X Sulphur)

J Bul. No. 37, Eng. Exp. Sta., 1909. S. W. Parr and W. P. Wheeler.
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For the benefit of anyone who has not a copy of Bulletin No. 37

at hand, a brief explanation of some of the terms used in the formula

follows :

"5000 X Weight of Sulphur" in pounds per pound of coal rep-

resents the heating value of the sulphur in B. t. u. This is deducted

from the heating value of the coal given by the calorimeter in order

to overcome any variation in the amount of sulphur present in the

several coal samples. For purposes of comparison, it is found advisable

to consider the sulphur as being extraneous matter and not as part of

the coal substance. The term "1.08 X Ash" represents the mineral

matter of the coal that remains after burning completely, and also an

additional eight per cent for the water and carbon dioxide that were

not part of the coal, but were chemically combined with the mineral

matter of the ash and thus took the place of an equal weight of actual

coal. The last term "22/40 X Sulphur" represents the sulphur cor-

rected for the oxygen that replaces it in the ash. When the coal is

burned, any sulphur that was combined with iron as pyrite, FeS2 ,
is

replaced by oxygen, leaving Fe2 3 in ash. This exchange results in a

loss in weight of only % the amount of sulphur burned. Since part of

the sulphur is not combined in the form of pyrites, but is in a form

which is non-combustible and may remain in the ash, the fraction

22/40 is taken instead of 25/40 as being more nearly the figure which

would properly be applied. The denominator, taken as a whole, gives

the weight of actual coal in a unit weight of coal as analyzed.
' '

It was found that coal samples, even when kept sealed in glass

jars for a few months, change appreciably in calorific value. 1 To

avoid any such changes, the analyses and calorimetric determina-

tions were all made not later in any case than ten days after sampling
the coal. The Mahler-Atwater bomb calorimeter with platinum lining

using compressed oxygen was used for all calorimeter tests. The

calorimeter room is shown in Fig. 7.

The change in calorific value of the coal was found to be most

rapid during the first few weeks after mining, but it was found to

continue at a decreasing rate for more than a year certainly, and

probably it continues indefinitely. The greater losses in calorific

value occur in the smaller sizes of coal, the screenings in practically

every instance suffering more of a loss than the nut coal. The great-

est loss in any instance was found in the Sangamon county screenings,

TBul. No. 17, Eng. Exp. Sta. S. W. Parr and W. F. Wheeler. J. Am. Cbem. Soc.,
Vol. 30, p. 1027
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Fig. 6

and that was but 5.14 per cent. The average losses for all sizes and
both methods of storage, in open and covered bins, for one year is prac-

tically 3 per cent. Tables 6 to 12 inclusive and Fig. 8 to 15 inclusive

show the losses for coals from different seams and different storage
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Pig. 7

conditions. Table 12 is made up of average values from -the six

preceding tables, and it seems reasonable to suppose that it shows

about what may be expected of Illinois coals when stored. The loss for

one year was found to be only 2.76 per cent when exposed to the

weather, against 3.14 per cent when in covered bins, and 1.49 per
cent when stored under water. Nearly one-third of the loss took place

during shipment, except in the case of the coal stored under water,

when more than one-half of the loss occurred in the first week. None
of the losses in calorific value thus far noted are great enough to

warrant any changes in present storage methods, but there is a possi-

bility that protection from spontaneously ignited fires and lessened

breakage may make storage under water advisable in many instances.

The Christian county coal heated to a considerable extent and
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TABLE 6

VERMILION COUNTY, ILLINOIS, NUT COAL
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TABLE 7

WILLIAMSON COUNTY, ILLINOIS, NUT COAL

T oK
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TABLE 8

SANGAMON COUNTY, ILLINOIS, NUT COAL

29
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TABLE 9

VERMILION COUNTY, ILLINOIS, SCREENINGS

Lab.
No.



PARK -WHEELER THE WEATHERING OF COAL

TABLE 10

WILLIAMSON COUNTY; ILLINOIS, SCREENINGS

31
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TABLE 11

SANGAMON COUNTY, ILLINOIS, SCREENINGS
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TABLE 12

AVERAGE VALUES PROM six PRECEDING TABLES
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TABLE 14

VERMILION COUNTY, ILLINOIS, SCREENINGS

Lab.
No.
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TABLE 16

COMMONWEALTH EDISON COMPANY, CHICAGO

Stored Coal

35

Lab.
No.
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VERMILION COUNTY, ILLINOIS

SCREENINGS
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AVERAGE VALUES FROM THE SIX PRECEDING TABLES.

15000

1
o
"3|
p

<
%H
O

5-

1

+a

w

14000

13800

(



PUBLICATIONS OF THE ENGINEERING EXPERIMENT STATION

Bulletin No. 1. Tests of Reinforced Concrete Beams, by Arthur N. Talbot. 1904
of prtnt.)

Circular No. 1. High-Speed Tool Steels, by L. P. Breckenridge. 1905. (Out of print.

Circular No. t. Drainage of Earth Roads, by Ira O. Baker. 1906. (Out of print.)
Circular No. S. Fuel Tests with Illinois Coal. (Compiled from tests made by the

-. nS#c .

B ancn f tne u - s - G - s- at the St. Louis, Mo., Fuel Testing Plant,
1904-1907, by L. P. Breckenridge and Paul Diserens. 1909

Bulletin No. S. The Engineering Experiment Station of the University of Illinois,
by L. P. Breckenridge. 1906. (Out of print.)

Bulletin No. 4. Tests of Reinforced Concrete Beams. Series of 1905, by Arthur N.
Talbot. 1906.

Bulletin No. 5. Resistance of Tubes to Collapse, by Albert P. Carman. 1906. (Out
of print. )

Bulletin No. 6. Holding Power of Railroad Spikes, by Roy I. Webber. 1906. (Out
of print.)

Bulletin No. 7. Fuel Tests with Illinois Coals, by L. P. Breckenridge. S. W. Parr
and Henry B. Dirks. 1906. (Out of print.)

Bulletin No. 8. Tests of Concrete : I. Shear ; II. Bond, by Arthur N. Talbot. 1906.
(Out of print.)

Bulletin No. 9. An Extension of the Dewey Decimal System of Classification Applied
to the Engineering Industries, by L. P. Breckenridge and G. A. Goodenough. 1906.

Bulletin No. 10. Tests of Concrete and Reinforced Concrete Columns, Series of 1906,
by Arthur N. Talbot. 1907. (Out of print.)

Bulletin No. 11. The Effect of Scale on the Transmission of Heat through Locomo-
tive Boiler Tubes, by Edward C. Schmidt and John M. Snodgrass. 1907. (Out of print.)

Bulletin No. 12. Tests of Reinforced Concrete T-beams, Series of 1906, by Arthur N.
Talbot. 1907. (Out of print.)

Bulletin No. IS. An Extension of the Dewey Decimal System of Classification Ap-
plied to Architecture and Building, by N. Clifford Ricker. 1907.

Bulletin No. U. Tests of Reinforced Concrete Beams, Series of 1906, by Arthur N.
Talbot. 1907. (Out of print.)

Bulletin No. 15. How to Burn Illinois Coal without Smoke, by L. P. Breckenridge.
1908.

Bulletin No. 16. A Study of Roof Trusses, by N. Clifford Ricker. 1908.
Bulletin No. 17. The Weathering of Coal, by S. W. Parr. N. D. Hamilton, and W. F.

Bulletin No. 18. The Strength of Chain Links, by G. A. Goodenough and L. E.

Moore 1908.
Bulletin No. 19. Comparative Tests of Carbon, Metallized Carbon and Tantalum

Filament Lamps, by T. H. Amrlne. 1908.
Bulletin No. 20. Tests of Concrete and Reinforced Concrete Columns, Series of 1907,

by Arthur N. Talbot. 1908.
Bulletin No. 1. Tests of a Liquid Air Plant, by C. S. Hudson and C. M. Garland.

1 00 S

'Bulletin No. 22. Tests of Cast-iron and Reinforced Concrete Culvert Pipe, by
rt

ulletin No. 23. Voids, Settlement and Weight of Crushed Stone, by Ira O. Baker.

Bulletin No. 24. The Modification of Illinois Coal by Low Temperature Distillation,

by S. W. Parr and C. K. Francis. 1908.
Bulletin No. 25. Lighting Country Homes by Private Electric Plants, by T. H.

Bulletin 'No. 26. High Steam-Pressures In Locomotive Service. A Review of a

Report to the Carnegie Institution of Washington. By W. F. M. Goss. 1908.

Bulletin No. 27. Tests of Brick Columns and Terra Cotta Block Columns, by Arthur
N. Talbot and Duff A. Abrams. 1909. _,

Bulletin No. 28. A Test of Three Large Reinforced Concrete Beams, by Arthur N.

Bulletin No. 29. Tests of Reinforced Concrete Beams: Resistance to Web Stresses,

7
^Bulletin tfo. 30.' On the Rate of Formation of Carbon Monoxide in Gas Producers,

by J. K. Clement, L. H. Adams, and C. N. Haskins. 1909. 1000
Bulletin No. SI. Fuel Tests with House-heating Boilers, by J. M. Snodgrass. 1909.

Bulletin No. S2. Occluded Gases in Coal, by S. W. Parr and Perry Barker. 1909.

Bulletin No. S3. Tests of Tungsten Lamps, by T. H. Amrine and A. Guell. MMW.
Bulletin No. Slf. Tests of Two Types of Tile Roof Furnaces under a Water-Tube

A
S
Stud

9
y
09
of Base and Bearing Plates for Columns and Beams, by

N' *

Baffin. 2?o.

9
se. The Thermal Conductivity of Fire-Clay at High Temperatures,

^nit
L
CoaY-anfth

9
e Composition of Coal Ash, by S. W. Parr and

'

The Weathering of Coal, Series of 1909, by S. W. Parr and W. F.

Wheeler. 1909.



UNIVERSITY OF ILLINOIS
THE STATE UNIVERSITY

THE UNIVERSITY INCLUDES THE

College of Literature and Arts (Ancient and Modem
Languages and Literatures, Philosophical and Political Science

Groups of Studies, Economics, Commerce and Industry).

College Of Engineering (Unexcelled library; spacious
buildings; well-equipped laboratories and shops. Graduate
and undergraduate courses in Architecture; Architectural

Engineering; Architectural Decoration; Civil Engineering;
Municipal and Sanitary Engineering; Electrical Engineering;
Mechanical Engineering ; Mining Engineering ; Railway En-

gineering).

College Of Science (Astronomy, Botany, Chemistry, Geol-

ogy, Mathematics, Physics, Physiology, Zoology).

College Of Agriculture (Animal Husbandry, Agronomy,
Dairy Husbandry, Horticulture, Veterinary Science, House-
hold Science).

College Of Law (Three years' course).

College Of Medicine (College of Physicians and Surgeons,

Chicago). (Four years' course).

College Of Dentistry (Chicago)/ (Three years* course).

Schools Graduate School, Music (Voice, Piano,

Violin), Library Science, Pharmacy, (Chicago),

Education, Railway Engineering and Admin-
istration.

A Summer School with a session of nine weeks is open each sum-
mer.

A Military Regiment is organized at the University for instruction

in Military Science. Closely connected with the work of the

University are students' organizations for educational and
social purposes. (Glee and Mandolin Clubs; Literary, Scien-

tific, and Technical Societies and Clubs, Young Men's and

Young Women's Christian Associations).

United States Experiment Station, State Laboratory of Natural

History, Biological Experiment Station on Illinois River,
State Water Survey, State Geological Survey.

Engineering Experiment Station. A department organized to in-

vestigate problems of importance to the engineering and

manufacturing interests of the State.

The Library contains 122,000 volumes, and 14,000 pamphlets.

The University oilers 526 Free Scholarships.
For catalogs and information address

W. L. PLLLSBURY, Registrar,
Urtoana, Illinois*





UNIVE r

.198430

ARY




